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REMARKS 

Applicant respectfully requests reconsideration. Claims 1-35, 54-67 and 86 were 
previously pending in this application, with claims 54-67 being withdrawn. By this amendment, 
Applicant is canceling claims 2-3, 5-6, 15-17, 29, 54-67 without prejudice or disclaimer. Claims 
1, 4, 7-12, 15-17, 20, 21, 26, 27, 33, 34, and 86 have been amended. New claims 87-89 have 
been added. As a result, claims 1, 4, 7-14, 18-28, 30-35, and 86-89 are pending for examination 
with claims 1 and 86 being independent claims. No new matter has been added. 

Examiner Interview 

Applicant wishes to thank the Examiner for the in-person interview on June 1, 2005. At 
the interview, Applicant argued that U.S. Patent No. 5,874,747 (Redwing) fails to teach or 
suggest a semiconductor material comprising a gallium nitride material region and a silicon 
substrate. The amendments to independent claims 1 and 86 are based on the proposed claim 
amendments discussed in the interview. 

Double Patenting Rejections 

Claims 1, 3, 15, 18-19, 21, 23-32 and 35 were rejected under 35 U.S.C. §101 as claiming 
the same invention as that of claims 1-2, 14, 17-18, 20-21 and 23-27 of U.S. Patent No. 
6,649,287. Claim 32 was rejected under 35 U.S.C. §101 as claiming the same invention as that 
of claim 1 of U.S. Patent No. 6,617,060. 

Without acceding to the correctness of these rejections, Applicant has amended 
independent claim 1 from which the other claims that stand rejected on this ground depend. 
Applicant believes the amendment addresses this rejection. 

Accordingly, withdrawal of the claim rejections on this ground is respectfully requested. 

Claim Objections 

Claims 4, 12, 16-17, 20 and 34 appear to have been objected to because ranges of certain 
parameters (e.g., a, b, x and y) were not recited. 

Claims 4, 12 and 20 were amended to recite the range of the recited parameters. Claims 
16-17 were cancelled. The amendment to claim 34 deleted reference to these parameters. 

Accordingly, withdrawal of the claim objections on this ground is respectfully requested. 
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Rejections under 35 U.S.C. §112 

Claims 9 and 33-34 were rejected under 35 U.S.C. §1 12 5 second paragraph, as being 
indefinite. 

The Office Action states that there is insufficient antecedent basis for the limitation in 
claim 9 that "the transition layer comprises Al x In(i. X )N" since claim 9 depends from claim 4 
which has "consisting of language. Without acceding to the correctness of this rejection, 
Applicant has changed the dependency of claim 9 to depend from claim 1 which appears to 
address this rejection. 

Applicant has changed the dependency of claims 33 and 34 to correct the antecedent 
problem identified in the Office Action. 

Accordingly, withdrawal of the claim rejections on this ground is respectfully requested. 

Rejections Under 35 U.S.C. §1020)) 

Claims 1-29 and 32-35 were rejected under 35 U.S.C. §102(b) as being anticipated by 
U.S. Patent No. 5,874,747 (Redwing). 

As discussed in the interview, amended independent claim 1 is directed to a 
semiconductor material that comprises a thick gallium nitride material region (i.e., greater than 
0.5 microns) having a low crack level (i.e., less than 0.005 \im/[im 2 ) formed on a silicon 
substrate. (Emphasis added). In contrast, Redwing's structures include gallium nitride material 
regions formed on silicon carbide substrates. (Emphasis added). Though the "Description of 
Related Art" in Redwing refers generally to GaN growth on silicon substrates (Column 4, lines 
62-65), there is no structure in any embodiment of Redwing's invention (as described in the 
"Summary of the Invention" or the Detailed Description of the Invention") that includes any type 
of gallium nitride material region formed on a silicon substrate, much less a gallium nitride 
material region formed on a silicon substrate having the claimed thickness and crack level. 

In fact, Redwing teaches away from structures that include a gallium nitride material 
region and a silicon substrate as claimed. Redwing is directed to gallium nitride-based light 
emitting devices. An object of Redwing's invention is to "provide bright green-blue to 
ultraviolet light emitting devices with high optical efficiency, ..." (See, e.g., Redwing, Col. 6, 
lines 29-32.) Throughout the specification, Redwing repeatedly stresses the desirability and 
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importance of employing a silicon carbide substrate. (See, e.g., Redwing, Col. 4, lines 10-51.) 
In particular, Redwing notes the importance of using a silicon carbide substrate in obtaining the 
desired light emission properties: 

The present invention is based on the discovery that by using silicon 
carbide of a selected prototype and growing Ga*N on that substrate in selected 
orientations, light emitting devices, e.g., a green-blue to ultraviolet emitting 
laser or a green-blue to ultraviolet emitting diode, of surprisingly high 
quantum efficiency and luminous efficiency may be fabricated. The 
luminescence efficiency, charger carrier mobilities and transmittance of light are 
improved. 

The substrate polytype and orientation are selected to optimize the 
performance of the light emitters. The properties that figure most strongly in this 
selection are crystal structure, charger carrier mobilities, and transparency of the 
substrate to light of the wavelengths desirably emitted by the light emitters. 
(Emphasis added) (Redwing, Col. 9, lines 54-67) 

Redwing further stresses that "optical properties of the substrate are also important" 
because in light emitting devices "a great deal of light can come from out of the substrate." (See, 
e.g., Redwing, Col. 11, lines 13 and 20-21.). Green-blue to ultraviolet light may be readily 
transmitted through silicon carbide substrates. (See, e.g., Redwing, Column 9, lines 54-66; 
FIGS. 2 and 3.) In contrast, light at these wavelengths is absorbed by silicon substrates, rather 
than being transmitted. (Emphasis added). 

If the Redwing devices included a silicon substrate as suggested in the Office Action, the 
devices would transmit significantly less light in the green-blue to ultra-violet region. Thus, the 
devices would not be effective (and, likely would be inoperable) for their intended purpose of 
emitting light in the green-blue to ultra-violet region. Thus, Redwing even teaches away from 
structures including silicon substrates. 

Moreover, there would have been no reasonable expectation at the priority date of the 
'798 application (i.e., December 14, 2000) that the semiconductor material of claim 1 could be 
successfully formed in view of the teachings in Redwing. In particular, it would not have been 
expected that a thick (i.e., greater than 0.5 micron) gallium nitride material region having a low 
crack level (i.e., less than 0.005 micron/micron 2 ) could be formed over a silicon substrate. There 
would have been no reasonable expectation for success because of the significant challenges 
associated with growing gallium nitride materials on silicon substrates. The challenges include 
large thermal expansion coefficient differences, as well as large lattice constant differences, 



Serial No.: 10/675,798 - 10- Art Unit: 1775 

Conf.No.: 2233 

between gallium nitride materials and silicon. Such differences can lead to cracking in gallium 
nitride material regions formed over silicon substrates, particularly in thick gallium nitride 
material regions as claimed, amongst other problems. Such differences between gallium nitride 
materials and silicon are significantly greater than the thermal expansion coefficient and lattice 
constant differences between gallium nitride materials and silicon carbide. Thus, the difficulty in 
forming structures including a gallium nitride material region formed over a silicon substrate is 
significantly greater than forming structures including a gallium nitride material region formed 
on a silicon carbide substrate as described in Redwing. 

Because Redwing fails to teach or suggest each claim limitation, independent claim 1 is 
patentable over Redwing for at least this reason. Moreover, because there would have been no 
reasonable expectation of successfully forming the semiconductor material of claim 1 in view of 
the teachings in Redwing, independent claim 1 is also not obvious in view of Redwing. The 
remaining claims that stand rejected on this ground all depend from claim 1 and, thus, are 
patentable over Redwing for at least this reason. 

Accordingly, withdrawal of the claims rejections on this ground is respectfully requested. 

Rejections Under 35 U.S.C. §103 

Claims 25, 30-31 and 86 were rejected under 35 U.S.C. §103(a) as being unpatentable 
over Redwing in view, of U.S. Patent No. 6,426,512 (Ito) and further in view of U.S. Patent No. 
6,287,947 (Ludowise). 

It appears that the combination of Redwing and Ito is being relied upon for the rejection 
of claims 25, 30 and 86; and that Ludowise is being added to this combination for the rejection 
of dependent claim 31 which recites a substrate that is textured. 

The Office Action states that it would have been obvious to one of ordinary skill in the 
art to modify the semiconductor device of Redwing with the silicon substrate of Ito. One of 
ordinary skill in the art would not have been motivated to combine Redwing and Ito in the 
manner suggested in the Office Action and, in fact, Redwing teaches away from such a 
modification as noted above. 

Redwing is directed to gallium nitride-based light emitting devices. An object of 
Redwing's invention is to "provide bright green-blue to ultraviolet light emitting devices with 
high optical efficiency, ..." (See, e.g., Redwing, Col. 6, lines 29-32.) The Redwing device 
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structures include a gallium nitride layer (or layers) formed on a silicon carbide substrate. 
Throughout the specification, Redwing repeatedly stresses the desirability and importance of 
employing a silicon carbide substrate. (See, e.g., Redwing, Col. 4, lines 10-51.) In particular, 
Redwing notes the importance of using a silicon carbide substrate in obtaining the desired light 
emission properties: 

The present invention is based on the discovery that by using silicon 
carbide of a selected prototype and growing Ga*N on that substrate in selected 
orientations, light emitting devices, e.g., a green-blue to ultraviolet emitting 
laser or a green-blue to ultraviolet emitting diode, of surprisingly high 
quantum efficiency and luminous efficiency may be fabricated. The 
luminescence efficiency, charger carrier mobilities and transmittance of light are 
improved. 

The substrate polytype and orientation are selected to optimize the 
performance of the light emitters. The properties that figure most strongly in this 
selection are crystal structure, charger carrier mobilities, and transparency of the 
substrate to light of the wavelengths desirably emitted by the light emitters. 
(Emphasis added) (Redwing, Col. 9, lines 54-67) 

Redwing fiirther stresses that "optical properties of the substrate are also important" 
because in light emitting devices "a great deal of light can come from out of the substrate." (See, 
e.g., Redwing, Col. 11, lines 13 and 20-21.). Green-blue to ultraviolet light may be readily 
transmitted through silicon carbide substrates. (See, e.g., Redwing, Column 9, lines 54-66; 
FIGS. 2 and 3.) In contrast, light at these wavelengths is absorbed by silicon substrates, rather 
than being transmitted. (Emphasis added). If the Redwing devices were modified to include a 
silicon substrate as suggested in the Office Action, the devices would transmit significantly less 
light in the green-blue to ultra-violet region. Thus, this modification would render the Redwing 
devices inferior (and, likely inoperable) for their intended purpose of emitting light in the green- 
blue to ultra-violet region. One of ordinary skill in the art, therefore, would not have been 
motivated to make this modification for at least this reason. 

Accordingly, Applicant respectfully submits that a prima facie case of obviousness has 
not been met with respect to the claim rejections in view of the combination of Redwing in view 
of Ito (and Ludowise). 

Applicant also submits that one of ordinary skill in the art would not have been motivated 
to combine Redwing in view of Ito an fiirther in view of Ludowise. Applicant also notes that 
Ludowise fails to teach or suggest a silicon substrate as claimed. The Office Action refers to 
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"silicon containing materials" disclosed in Ludowise, but Applicant notes that such materials 
appear to be limited to silicon dioxide and silicon carbide - neither of which is a silicon 
substrate. 

Moreover, even if one combined the teaching of Redwing and Ito (and Ludowise) as 
stated in the Office Action, there would have been no reasonable expectation of success in 
forming a semiconductor material comprising a thick (i.e., greater than 0.5 micron) gallium 
nitride material region having a low crack level (i.e., less than 0.005 micron/micron 2 ) over a 
silicon substrate. As noted above, there would have been no reasonable expectation for success 
because of the significant challenges associated with growing thick, low crack level gallium 
nitride materials on silicon substrates. The challenges include large thermal expansion 
coefficient differences, as well as large lattice constant differences, between gallium nitride 
materials and silicon. Such differences can lead to cracking in gallium nitride material regions 
formed over silicon substrates, particularly in thick gallium nitride material regions as claimed, 
amongst other problems. Such differences between gallium nitride materials and silicon are 
significantly greater than the thermal expansion coefficient and lattice constant differences 
between gallium nitride materials and the silicon carbide substrates taught in Redwing. Thus, the 
difficulty in forming structures including a thick, low crack level gallium nitride material region 
formed over a silicon substrate is significantly greater than forming structures including a 
gallium nitride material region formed on a silicon carbide substrate as described in Redwing. 

Ito's use of a silicon substrate does not suggest, to one of ordinary skill in the art, the 
ability to form thick, low crack level gallium nitride material regions on silicon substrates as 
claimed, particularly substrates having a large area (i.e., greater than about 4 inches) as recited in 
independent claim 86. 

Because Redwing teaches away from being combined with Ito (and Ludowise) in the 
manner suggested in the Office Action and there would have been no reasonable expectation of 
success of forming the claimed structures in view of the combined teachings, claims 25, 30-3 1 
and 86 are not obvious in view of the asserted combinations for at least these reasons. 

Accordingly, withdrawal of the claims rejections on this ground is respectfully requested. 
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CONCLUSION 



A Notice of Allowance is respectfully requested. The Examiner is requested to call the 
undersigned at the telephone number listed below if this communication does not place the case 
in condition for allowance. 

If this response is not considered timely filed and if a request for an extension of time is 
otherwise absent, Applicant hereby requests any necessary extension of time. If there is a fee 
occasioned by this response, including an extension fee, that is not covered by an enclosed 
check, please charge any deficiency to Deposit Account No. 23/2825. 



Respectfully submitted, 




Robert H. Walat, Reg. No. 46,324 
Wolf, Greenfield & Sacks, P.C. 
600 Atlantic Avenue 
Boston, Massachusetts 02210-2206 
Telephone: (617) 646-8000 
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